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Summary  and  Suggestions 

Temperatures  of  produce  displayed  continuously  without  refrigeration 
averaged  70°  Fo^  or  6  degrees  "below  the  display  room  air  temperature^  probably 
because  of  evaporation  of  body  moisture  from  the  produce.  Temperature  differ- 
ences between  top  and  bottom  layers  were  negligible. 

Produce  displayed  without  refrigeration  during  the  daytime  and  stored 
overnight  in  32°  and  U0°  F,  ''walk-in"  coolers  averaged  U6°  and  51°^  respec- 
tively^ for  a  2^-hour  periods  Temperatures  varied  from  about  65°  at  the  end  of 
the  daytime  display  period  to  33°  and  ^2°  after  night  storage  in  the  32°  and  UO 
rooms o  Temperatures  of  produce  displayed  in  the  top  and  bottom  layers  were 
approximately  the  same« 

Produce  displayed  on  a  raised  false  rack  in  the  convection  case  had  an 
average  temperature  of  60°  F . ,   while  produce  displayed  on  the  reg^ular  rack 
averaged  I7  degrees  lower.  The  produce  on  the  false  rack  was  therefore  more 
subject  to  decay  than  that  on  the  regular  rack.  Temperatures  of  produce  in 
the  top  layer  on  the  false  rack  averaged  only  5  degrees  lower  than  that  of 
produce  displayed  continuously  in  a  nonrefrigerated  case.  Under  each  of  these 
display  methods^  tempera tiores  in  the  top  layers  were  materially  higher  than 
those  in  the  bottom. 

Average  temperatures  of  produce  in  the  same  relative  positions  in  the 
forced-circulation  case  and  on  the  regular  rack  in  the  convection- type  case 
were  approximately  the  same  although  the  produce  in  the  former  was  displayed  in 
a  higher  position  at  the  back  of  the  case.  Tempera t\ires  of  both  cases  averaged 
about  8  to  IC  degrees  higher  in  the  top  than  in  the  bottom  layers. 

In  the  ice-bed  case  temperatures  of  the  produce  garnished  with  ice  several 
times  daily  and  top=iced  at  night  averaged  U2°  F.  The  temperature  of  produce 
top-iced  only  at  night  and  sprinkled  or  not  sprinkled  with  water  during  the 
daytime  each  averaged  U7°  .   These  differences  should  have  little  effect  upon 
quality  of  the  produce  because  of  the  relatively  short  display  period  in  retail 
stores o 

Fruits  and  vegetables  that  retain  good  quality  best  at  low  temperatures 
should  be  stored  overnight  in  rooms  at  32°  to  U0°  F.,  or  in  iced  produce 
barrels  if  displayed  dioring  the  day  in  nonrefrigerated  display  racks. 

Fruits  and  vegetables  that  are  benefited  by  moderate  refrigeration  (about 
U0°  to  55°  Fo)  but  are  subject  to  chilling  injury  at  low  temperatures  (32°  to 
UjO)  may  be  displayed  on  raised  false  racks  in  refrigerated  cases  or  in 
nonrefrigerated  cases  during  the  daytime  and  stored  at  night  at  temperatures 


above  i^O",  Taej   should  not  be  displayed  for  more  than  a  few  hours  in  an  ice-bed 
case  or  in  mechanically  refrigerated  cases  where  bottom  layer  temperatures  are 
UO"  or  lower o 


Introduction 

Tne  shelf  life  of  fresh  fruits  and  vegetables  depends  upon  several  factors^ 
the  most  important  of  which  is  temperature.  Respiration  and  other  physiological 
changes  take  place  throughout  the  life  of  fresh  fruits  and  vegetables o  In  the 
process  of  respiration,,  heat  is  generated  which  in  turn  causes  a  further 
increase  in  the  rate  of  respiration,,  Cooling  of  the  produce  will  reduce  the 
rate  of  respiration,  slow  down  aging;  and  retard  'Ghe  developm-ent  of  decaye 

Retail  store  operators  follow  various  handling  practices  to  control 
tem.peratures  of  fresh  fruits  ejid  vegetables.  In  som.e  stores  mechanically  refrig^ 
erated  or  ice-bed  cases  are  used  to  keep  produce  cool  during  both  day  and  niglit| 
in  others  produce  is  displayed  in  nonrefrigerated  cases  during  the  daytime  and 
held  in  "waLc-in"  coolers  or  in  iced  produce  barrels  at  nights 

Temperatures  obtained  d'oring  studies  of  the  shelf  life  of  various  fresh 
fruits  and  vegetables  in  retail-store  type  display  cases  are  reported  hereinoi/ 
During  the  course  of  these  stu-dies,  appro xLraa.tely  25^000  temperature  readings 
were  made  of  produce  on  display o  Hight  temperatures  also  were  recorded,  A 
comparison  of  the  temperatures  in  the  various  types  of  cases  is  made  in  table 
lo  Temperature  records  for  each  type  of  case  and  method  of  handling  the  produce 
are  given  in  tables  2  to  10 « 

A  knowledge  of  temperatures  that  may  be  expected  in  produce  in  different 
parts  of  a  display  case,  as  well  as  average  temperatures  obtained  under  different 
handling  practices,  should  be  helpful  in  retarding  decay  or  other  deterioration. 
For  example,  temperatures  often  found  in  the  lower  layer  of  produce  in 
refrigerated  display  cases  are  lilgnlj   desirable  for  some  kinds  of  fruits  and 
vegetables,  but  they  may  cause  chilling  injury  to  kinds  that  are  sensitive  to 
low  temperatures.  Relatively  high  temperatures  in  produce  displayed  continuously 
vjithout  refrigeration  or  in  the  top  layer  of  produce  on  raised  false-bottom 
racks  in  convection-type  mechanically  refrigerated  cases  favor  decay  and  rapid 
deterioration  of  lettuce,  bunched  carrots,  and  other  kinds  of  produce  that 
require  low  temperatures  for  best  shelf  lifee 

Alternate  low  and  liigh  temperatures  that  occur  in  fruits  and  vegetables 
when  refrigerated  at  night  and  displayed  on  nonrefrigerated  racks  during  the 
daytime  fi-equently  cause  moisture  condensation  on  the  surface  of  the  comvioddty. 
At  continuously  high  temperatures  this  surface  moisture  provides  ideal  conditions 
for  the  grox-rth  of  decay  organisms.  Low  temperatures  retard  development  of  decay o 


1/  Temperatures  of  proauce  stored  at  night  in  iced  barrels  are  reported  in 
H,  T.  &  S,  Report  Ico.  2^75  U.  S.  Department  of  Agriculture « 
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Tests  of  many  kinds  of  fruits  and  vegetables  indicate  that  the  cooling  effects  of 
night  refrigeration  ejrtsnd  well  into  the  following  day^  These  cool  temperatures 
not  only  minimize  harmful  effects  from  condensed  moisture  but  also  permit 
sprinkling  with  water  several  times  daily  to  prevent  excessive  wilting » 

These  studies  were  made  at  Beltsville,  Hd,,  in  a  laboratory  equipped  to 
simulate  retail-store  conditions.  However,  in  a  store  the  customers  handle  the 
produce  and  the  operator  must  replenish  the  cases,  so  that  somewhat  different 
conditions  exists. 


Operation  of  the  Display  Room 

The  produce  was  displayed  in  the  aifferent  cases  as  follows: 

lo  Continuously  in  a  nonrefrigerated  6'=foot  wooden  display  case  with 
galvanised  metal  bottom  and  sides.  A  slatted  rack  sloped  frora  8  inches  above 
the  bottom  at  the  bacK  of  the  case  to  1  inch  at  the  front.  The  distance  from 
the  front  to  the  back  of  the  case  was  30  inches c 

2o  During  daytime  in  the  same  nonrefrigerated  case  but  stored  in  32*  and 
ho"   Fo  ''walk-in"  coolers  at  night, 

3o  Continuouslj^  in  a  10-foot  coinraercial,  convection~type  mechanically 
refrigerated  open  display  case.  The  regular  rack  provided  with  the  case  was 
3  inches  above  the  bottom  at  the  front  and  5  inches  at  the  backs  To  simulate 
retail=.store  display  methods  part  of  the  case  was  equipped  vilth   an  elevated 
false  bottom  raci:  constru.cted  of  l/U-inch  mesh  wire  screen  about  7  inches  above 
the  regular  rack.  Produce  displayed  on  both  types  of  racks  was  covered  at 
night  with  ourlap  or  heaver  kraft  paper, 

ho     Continuously  in  a  commercial  10-foot  forced-circulation  type  of 
mechanically  refrigerated  open  display  case.  'The  rack  was  about  13  inches  high 
at  the  back  and  sloped  to  about  1  inch  high  at  the  front.  The  produce  was  not 
covered  at  night, 

5o  Continuously  in  a  5-foot  comraercial,  insulated  ice  bed  case^  Tae 
produce  was  arranged  on  a  bed  of  crushed  ice  3  to  5  inches  deep  spread  over  the 
bottom  of  the  case.  The  ice  bed  was  replenished  once  each  day.  Some  lots  of 
produce  were  garnished  with  a  thin  layer  of  crushed  ice  in  the  morning,  at  noon^ 
and  in  mddaftemoon.  Other  lots  were  top-iced  only  at  night  when  the  produce 
was  prepared  for  night  storage;  some  of  these  lots  were  sprinJcled  x^rith  tap 
vjater  h   times  daily  while  duplicate  lots  were  not  sprinkled.  At  6  o'clock  all 
lots  of  produce  in  the  ice  bed  case  were  covered  with  a  thick  layer  of  ice  and 
T-rith  burlap  or  heavy  kraft  paper, 

Tlie  display  period  for  all  produce  began  between  8  and  9  a  em,  and  ended 
between  6  and  7  p.m.  The  displa;y  room  air  temperatures  averaged  75*  Fe 

Temperatures  of  the  produce  were  taken  at  the  front  and  back  of  the  racks 
in  the  top  and  bottom  layers  in  each  lot.  The   produce  usually  was  about  6  to 
8  inches  deep  and  extended  from  the  front  to  the  back  of  each  rack. 


-  u  = 

Produce  displayed  during  the  day  "trithout  refiigeration  was  loosely  packed 
into  the  original  or  similar  conteiners  and  held  overnight  in  32*  and  UO*  Fe 
rooms « 


Results 

The  temperatures  of  produce  arranged  in  single  layers  averaged  approx<= 
imately  the  same  as  produce  displayed  two  to  three  layers  deep  in  the  various 
cases. 

Temperature  variations  betxreen  different  fruits  and  vegetables  were 
greater  in  tlie  top  layers  in  the  ice  bed  case  than  under  any  other  handling 
practice.   (See  table  8.)  These  variations  were  probably  due  principally  to 
differences  in  ice  meltage.  Variations  in  top-ice  distribution  may  also  have 
been  a  factor,  Tlie  uniformly  low  temperatures  of  lemons  at  all  positions  in 
the  ice-garnished  lots  were  due  to  the  shallow  depth  of  the  produce  and  to 
garnish-ice  sifting  around  the  individual  fruits. 

Continuous  display-  in  nonrefrigerated  caseo — The  2U-ho'ar  average  tenpera= 
ture  of  produce  displayed  continuously  i-jithout  refrigeration  x^'as  70°  F<,  or  6 
degrees  below  the  average  display  room  air  temperature  (table  2).  Probably 
thjLS  difference  was  due  principallj'-  to  evaporation  of  internal  moisture  from  the 
produce  and  to  a  slight  extent  to  location  in  the  room.  There  i-jas  practically 
no  difference  in  temperature  between  the  produce  in  the  top  and  bottom  layers  in 
the  caseo  The  70°  average  temperature  obtained  during  the  studies  is  satis- 
factory only  for  fruits  snd  vegetables  that  do  not  require  refrigeration  during 
display,  such  as  avocados,  bananas,  sweetpotatoes,  winter  squash,  or,  possibly^ 
for  other  produce  that  is  in  the  display  case  for  only  1  day. 

Display  during  da^rtime  in  nonrefrigerated  case;  stored  at  night  in  "x-jalk-in" 
coolers o — Hourly  night  temperature  changes  were  obtained  for  ^   different  finiits 
and  vegetc.bles  during  storage  in  32*  and  \\^°   Fo,  and  the  averages  were  used  as  a 
pattern  to  determine  2)4--hour  averages  for  each  of  the  commodities  reported  in 
the  various  tables  (fig.  l)«  Tlie  average  2lj.-hour  temperatures  of  produce  stored 
ovemight  in  the  32"  and  UO"  F.  rooms  after  daytirae  display  mthout  refrigeration 
(tables  3  and  L)  were  \G°   and  51*^  respectively.  These  temperatures  were  2U  and 
19  degrees  lower  than  those  of  produce  displayed  continuouslj^  in  the  nonrefrig- 
erated case  (table  2), 

Hight  temperatiix-es  of  produce  stored  in  the  32°  and  h,Qi°  F.  rooms  averaged 
39"  and  h^*^ i  respectively,  and  the  daytime  temperatures,  55**  and  57"°  Although 
the  2U-hour  averages  indicate  desirable  temperatures  for  most  produce,  the  high 
da.ytirae  temperatures  ma^/  favor  some  decay  or  other  deterioration  that  cannot  be 
entirely  offset  by  the  benefits  of  night  refrigeration.  Also,  low  temperatures 
to  which  the  produce  is  exposed  at  night  in  the  refrigerated  rooms  might  result 
in  dai"as.ge  to  fruits  and  vegetables  sensitive  to  cold  injury  such  as  cucumbers^ 
eggplants,  sr-reet  peppers,  and  lim.es « 

Continuous  display  on  raised  false  bottom  rack  in  convection-type  mechanically 
refrigerated  case,— -The  average  temperature  of  produce  displayBd  on  this  type  of 
rack  was  60"  F.  [table  3')o  Produce  in  the  top  layer  averaged  Qx°   at  the  front  and 
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66*  at  the  rear  of  the  case^  these  temperatures  were  only  8  and  5  degrees^ 
respectively,  lower  than  in  comparable  positions  in  the  nonrefrigerated  case 
(table  2),  Fruits  and  vegetables  that  are  benefited  by  moderate  refrigeration 
but  sensitive  to  cold  injury  at  lox-j  temperatures  could  be  displayed  to 
advantage  on  this  type  of  rack.  However,  the  high  temperatures  would  accelerate 
decay  and  other  deterioration  in  fruits  and  vegetables  that  require  low  tempera= 
tures  for  best  keeping  quality. 

Continuous  display  in  forced-circulation-type  mechanically  refrigerated 
case  and  on  regular  rack  in  convection- type  case. — Temperatures  of  produce 
displayed  on  the  regular  rack  in  the  convection-type  and  in  the  forced- 
circulation  cases  were  the  same,  averaging  lj.3*  F.  for  each  type  of  display 
(tables  6  and  7)o  Produce  temperatures  in  the  top  layer  in  both  cases 
averaged  23  degrees  lower  than  those  of  produce  displayed  continuously  without 
refrigeration  (table  2),  Temperatures  found  under  these  handling  practices 
would  provide  good  refrigeration  for  most  produce,  but  temperatures  of  iiO*  and 
lower  in  the  bottom  layer  could  be  harmful  to  sweet  peppers,  cucumbers,  and  other 
produce  that  may  be  injured  at  tenperatures  belox^  kS*» 

Continuous  display  in  the  ice  bed  case.— The  temperatures  of  produce 
garnished  with  ice  daily  in  the  ice  bed  case  averaged  U2*  F.  (table  8)«  This 
was  approximately  the  same  as  that  in  both  types  of  mechanically  refrigerated 
cases,  Nonsprinkled  and  sprinkled  produce  garnished  only  at  night  (tables  9 
and  10)  averaged  ^  and  6  degrees,  respectively,  higher  than  that  garnished 
daily* 
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